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Abstract 
    The measurements of thermal effusivity, thermal conductivity and specific heat of building materials such as clay 
used in construction have been performed using transient and steady state hot-plate methods. The estimation of these 
thermal characteristics is based on the simplified 1D model. Stationary and transient models are performed to 
estimate the thermal conductivity λ and the thermal capacity ρc, respectively. The use of a brick as a thermal 
insulating material requires prior knowledge of all its thermal properties. For that purpose, the authors conducted an 
experimental study in order to characterize the thermal properties of the sample coming from the Moroccan Slaoui’s 
factory used to manufacture the bricks. A comparative study based on other experiments and different theoretical 
models was performed. The estimation errors due to the measurement on the temperature Tc was found less than 
3%.The identification of the parameters is exhibiting residuals less than 0,4°C over the entire time interval. It also 
enables to assess the gap between the measurements and the model, which shows a good consistency. 
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Nomenclature and units 
a            Thermal diffusivity a= λ/ρcp (m2.s-1) 
Bi          Biot number Bi=hc.L/λ 
c Specific heat (Jkg-1K-1) 
Ch Thermal capacity of the heating element per  
area unit (J.m-2.K-1) 
e Thickness (mm) 
eh           Thickness of heating element (mm) 
E Thermal effusivity E= pcλρ (Wm-2K-1s1/2) 
    
hC Convective heat transfer coefficient (Wm-2K-1) 
 
T0                 Initial temperature of system (°C) 
U Voltage (V) 
 
Greek symbols 
Ȍ Quadratic error between 
experimental and theoretical curves 
Ȝ Thermal conductivity (Wm-1K-1) 
ȡ Density (kg m-3) 
ȡc Thermal capacity (J m-3K-1) 
ø Heat flux density (Wm-2) 
  Laplace transform of the heat flux 
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I Current (A) 
L        Sample and heating element length and width (m)   
p Laplace parameter 
R Electrical resistance of the heating element (ȍ) 
Rc Thermal contact resistance between the 
 heating element and the sample (K. m2.W-1) 
S Heat exchange surface between the heating 
element and the sample (m2) 
t Time (s) 
T Temperature (°C) 
density 
ø0                Heat generation   (Wm-3) 
ș  Laplace transform of the 
temperature 
 
Subscripts 
al            Aluminum 
exp         Experimental 
mod        Model 
h Heating element 
 
 
*Corresponding author:  n.laaroussi@est.um5a.ac.ma 
 
1. Introduction 
 
The hollow bricks are used in single and double walls construction. Such bricks are made of several 
widths. Hollow bricks are lighter and easier to handle, and have different thermal properties according to 
the model and the number of holes. Some models have very high thermal insulation properties, making 
them suitable for zero-energy building. The brick is made out of clay-bearing subsoil. The introduction of 
holes reduces the volume of clay needed, and hence the cost.   
Many studies have been published concerning the characterization of thermal proprieties of materials. 
Toppi et al. [1] realized experimental correlations for thermal properties estimation of composite 
materials. Khabbazi et al. [2] conducted an experimental study of thermal and mechanical properties of 
new insulating material based on granular cork embedded in cement mortar. Janot et al. [3] used the 
symmetrical device to characterize the thin insulating materials. Recently, Bal et al. [4] adopted the 
asymmetrical device to characterize the laterite based bricks with millet waste additive materials. André 
et al. [5] presented an experimental set-up of the hot wire method for the thermal characterization of 
materials. Coquard et al. [6] investigated an experimental and theoretical study of the hot-ring method 
applied to low density thermal insulators. An application to the thermal resistance measurement of a 
heterogeneous material is presented by Jannot et al. [7], which are used a tiny hot plate. The 
consequences in terms of thermal conductivity and specific heat have been studied in [8], using the laser 
flash technique. 
 
   Several experimental methods for thermal materials properties characterization have been performed 
from research efforts all over world. In this project, it is proposed that experimental methods for 
estimating the thermal properties of the clay sample coming from the Moroccan Slaoui’s factory used in 
hollow building blocks, one of the most important aspects in design for the future thermal regulations, be 
investigated. The aim is to provide designers with values based on high levels of confidence that will 
positively reflect on the development of any design provisions. 
 
2. The chemical analysis of clay sample 
 
The hollow Slaoui’s bricks are hardened by drying for three hours at 110°C before being fired. The 
heat for drying is often waste heat from the kiln. The bricks are burnt with flame at a 
temperature of 780°C for 24 hours. For bricks the clay is mixed with 22% water. The thermal properties 
of clay bricks are influenced by the chemical and mineral content of the raw materials, the firing 
temperature, and the atmosphere in the kiln. The rational analysis is necessary to determine the relative 
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proportions of substances which may be present in the clay bricks. For the determination of substances, 
however, a complete chemical analysis is necessary [9]. 
The resulting brick produced  from  this  composition  is  naturally  a  complicated  mixture  and  it  is  
necessary  to study it not only from a chemical point of view but also its physical properties. The physical 
properties are affected by the chemical composition of the clay and the impurities present in pure clay. 
The Slaoui’s brick is composed of several types of clay; its composition is showed accordingly by the 
tables 1 and 2. 
 
Table 1. Chemical composition of used clays [9] 
Percent composition of 
mass 
red clay 
(Rommanie) 
gray clay 
(Rommanie) 
yellow clay 
(Khmisset) 
clay cellars 
SiO2 49.45 51.27 34.19 65.76 
Al2O3 14.24 14.55 9.75 14.56 
Fe2O3 5.03 9.66 3.73 8.82 
CaO 3.76 9.01 23.97 1.08 
MgO 12.97 9.39 2.70 0.37 
K2O 2.77 0.33 1.65 1.01 
TiO2 0.78 1.42 0.56 0.89 
P2O5 0.10 0.15 0.17 0.09 
carbonates 5.10 0.90 39.71 1.11 
 
Table 2. Percentage of composition of Slaoui’s brick [9] 
Type of  clays red clay 
(Rommanie) 
gray clay 
(Rommanie) 
yellow clay 
(Khmisset) 
clay cellars 
Composition of mass 57.14% 14.28% 14.28% 14.28% 
 
Fig.1. View of the studied sample of dimensions (100×100×26 mm3) 
 
    The study sample comes from Moroccan Slaoui’s factory of bricks. Figure 1 is a picture taken by one 
of the authors, represents a complex material showing some heterogeneity, so the authors opted to use 
multiple methods of measurement to characterize this material and compare the obtained results by each 
method. The experimental measurements will be performed on this sample. 
From the knowledge of the dimensions and mass of the sample, we can easily determine the apparent 
density of sample (see table 3). 
 
Table 3. Density of sample 
Dimensions  (mm3) 100×100×26 
Mass (g) 462.14 
Density  (kg m-3) 1777 
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3. Description of the experimental approach for thermal properties measurement 
3.1. Centered hot plate method in steady state regime for determining the thermal conductivity  
The authors apply the centered hot plate method in steady state regime [3] to estimate the thermal 
conductivity. The method is based on the temperature measurement at the center of heating element 
inserted between the sample and the polyethylene foam, with the unheated surface of sample being 
maintained at constant temperature. The experimental device in Figure 2  shows that the sample 
(100×100×26 mm3) is placed on a heater (100×100×0,22 mm3). Below the heating element, we put 
insulating polyethylene foam having dimensions of (100×100×10 mm3) and conductivity of 0.04 W.m-
1
.K-1, so that the majority of the heat flux emitted by the heating element passes to the sample. The 
heating element and the sample have the same cross-section area S. 
         Fig.2. Experimental device of the centered hot plate 
method in steady state regime 
                     Fig.3. Schema of the experimental hot plate device
 
The set is then placed between two aluminum blocks of dimensions (100×100×50 mm3), those blocks 
playing the role to make the system reach the steady state regime as soon as possible. A thermocouple is 
stuck on the center of the heating element's lower face to measure the temperature T0, another one to 
measure the temperature T1 of the unheated face of the sample and a third to measure the temperature T2 
of the unheated face of the insulating foam. With this configuration, we can write: 
                                                                                              (1)  
                                                                                             (2)     
                                                                                           (3) 
 
 the heat flux through the sample, the heat flux through the insulation foam,  is the total flux 
emitted by the heating element,  the thermal conductivity of the sample seek to determine,  the 
thickness of the sample;  and  are successively thermal conductivity 
and thickness of the insulating foam, But the heating element is an electrical resistance R dissipating a 
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heat flux by Joule effect when it is crossed by an electric current (I) under the effect of a voltage (U), so: 
                                                                                                         (4) 
Combining equations (1) to (4), we obtain: 
                                                                            (5) 
Equation (5) allows us to determine the sample's thermal conductivity once the system reaches the steady 
state regime. 
The measurement is performed relative to a known reference material, the foam. The estimation of the 
thermal conductivity being validated by an experimental study on an insulating foam sample, whose 
conductivity is known, enabled us to calibrate the experimental equipment. 
3.2. Theoretical approach of effusivity measurement by asymmetrical hot plate transient method 
An experimental investigation of the thermal effusivity and the thermal capacity of the sample was 
mainly conducted using the hot plate transient method. The thermal effusivity is measured using the hot 
plate transient method. The asymmetrical experimental device represented in Figure 3 was adopted. A 
plane heating element having the same section (100×100 mm2) as the sample is placed under the sample. 
A type K thermocouple made of two wires with a 0.005 mm diameter is stuck on the lower face of the 
heating element.  
 
      The sample is placed between two extruded polystyrene blocks (Fig.3) with a thickness of 50 mm set 
between two aluminium blocks with a thickness of 40 mm. A heat flux step is sent into the heating 
element and the transient temperature T(t) is recorded. Since the thermocouple is in contact with 
polystyrene that is a deformable material, the presence of the thermocouple does not increase the thermal 
contact resistance between the heating element and the polystyrene. Furthermore, since polystyrene is an 
insulating material, this thermal resistance will be neglected.  
       The theoretical model originates from the integral transform treatment of the heat equation [10], is 
modeled with the hypothesis that the heat transfer remains unidirectional 1D at the center of the sample 
during the experiment. The recording processing of T(t) is realized by supposing that the heat transfer at 
the center of the heating element is 1D. Considering the very low value of the heat flux reaching the 
aluminum blocks through the polystyrene and their high thermal capacity, their temperatures are 
supposed equal and constant. 
Within these hypotheses, one can write: 
                             (6) 
                                                                                                     (7) 
with: 
                                                                                                      (8) 
ș is the Laplace transform of the temperature T(t), ߔ01 the Laplace transform of the heat flux density 
living the heating element (upstream), ߔ02 the Laplace transform of the heat flux density living the 
heating element (downstream), ߔ0 the Laplace transform of the total heat flux density produced in the 
heating element, ø0 the heat flux density produced in the heating element, Ch the thermal capacity of the 
heating element per area unit: Ch = ȡhcheh ; Rc the thermal contact resistance between the heating element 
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and the sample, ߔ1 the Laplace transform of heat flux density input on the upper aluminum block, ߔ2 is 
the Laplace transform of heat flux density input on the lower aluminum block. 
                         (9) 
                       (10) 
E is the sample thermal effusivity, ȡc the sample thermal capacity, e the sample thickness, Ȝi the 
Polystyrene thermal conductivity, ai the Polystyrene thermal diffusivity, ei the Polystyrene thickness. 
Combining those five equations, the system leads to: 
                                                                                                                  (11) 
The principle of the method is to estimate the value of the parameter E of the sample that minimize the 
sum of the quadratic error   between the experimental curve and the 
theoretical curve calculated with relation (11). The inverse Laplace transformation is performed using the 
De Hoog algorithm [11].  
4. Results and discussions 
4.1. The 1D model validation 
A heat transfer 3D model in the system has been established and simulated to determine the conditions 
under which a heat transfer problem can be approximated as being one-dimensional. So that, the validity 
1D model conditions to represent the center temperature Tc will be adopted in order to realize a sensitivity 
analysis of the center temperature to the different parameters.  
 
Fig.4. Scheme of the model system 
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The aluminum block is not simulated because the aluminum capacity is large enough so that the 
temperature fields T0 inside the surface remain uniform during the experiment while the clay sample heats 
over time. This hypothesis is validated because the problem is involving small Biot number (<0.1). 
Considering hc = 10 Wm-2K-1, thermal conductivity of the block, λal = 200 W m-1K-1, and sample 
dimensions (100×100mm2) lead to Bi = 0,005. Having a Biot number smaller than 0.1, the temperature 
can be assumed to be constant throughout the material volume.  
If  T(x,y,z) is the temperature of the sample, the heat transfer equation for unsteady three-dimensional is: 
t
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Where a  is the thermal diffusivity of the sample. 
The initial condition is: 0)0,,,( TzyxT =                                                                                              (13)                
The boundary conditions are: 
The horizontal top and bottom surfaces are isothermal at the same temperature T0. 
at    y=0 and  y = 2e3+e1                  0),,,( TtzyxT =                                                                               (14)               
The vertical parallel walls are in contact with the ambient at T0: 
at x = 0 and x =L              [ ]0),,,(),,,( TtzyxTh
x
tzyxT
C −=∂
∂
− λ                                                        (15)               
at   z = 0 and x =L              [ ]0),,,(),,,( TtzyxTh
x
tzyxT
C −=∂
∂
− λ                                               (16)               
Where hC (Wm-2K-1) is the surface heat transfer coefficient assumed to be uniform along the walls. The 
conductivity of the polystyrene block is λp = 0,032Wm-1K-1 and sample dimensions are S=100×100 mm2. 
Since the thermal contact resistance and thermal resistance of the heating element are supposed negligible 
[3]. The heating element involves the heat generation because of the electrical energy being converted to 
heat at a rate RI2. The heat generation 0φ =  is a volumetric phenomenon and the rate of heat 
generation unit is W.m-3. 
The heat generation 0φ  is the volumetric heat flux produced in the heating element: 
at  z=e1                   ]),,,(),,,([10 y
tzyxT
t
tzyxT
ce
e
hhh
h ∂
∂
−
∂
∂
= λρφ                                    (17)             
where ρh, ch and eh are respectively the density, the specific heat and the heating element thickness 
assuming Ch=ρhch=1.5×106 J m3K-1 and eh = 0.22 mm. 
Table 4. Parameters of simulation 
Materials λ(Wm-1K-1) ρc(Jm-3K-1) e(mm) 
*Clay sample 0.346 1.46×106 26 
Polystyrene 0.032 4.80×104 50 
*The data is from experiment 
 
Calculations were carried-out using the control volume code Ansys 14.0 [13]. A second-order upwind 
scheme was used for all terms. The governing equations were solved sequentially with a decoupled 
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implicit scheme. Since, the heat flux φ0 generated by the heating element were retrieved through extensive 
use of user-defined functions (UDFs) called at each time step. Uniform meshes of 100×100×50 were used 
in the computations. 
 
Fig.5. Simulation of Tc at the center of heating element
 
The 3D simulation has been used to estimate the validity limits of the 1D model by considering two 
values hC = 0 and hC = 10Wm-2K-1 for the convective heat transfer coefficient. Figure 5 shows the 
temperature rise at the center of the heated side for hC = 0 (1D model) and hC = 10Wm-2K-1 (3D model). 
The objective of this simulation, is to find the time (tmax) corresponding to 1% relative difference between 
the 1D and the 3D models. The results show that the 1D model is valid for times lower than tmax = 1000s.  
Figure 5 enables us to define easily the maximal time tmax that satisfies the hypothesis of the simplified 
1D model; hence, the measurements have been realized until tmax. 
4.2. The thermal conductivity characterization  
The experiment of hot plate method in steady state has been repeated three times on the same sample 
to calculate the experimental relative measurement error, and then we consider the average value from the 
three experiments as result thermal properties characterization.  
 
Table 5. Experimental thermal conductivity values 
T0 (°C) T1 (°C) T2 (°C) e1 
(mm) 
e2 
(mm) 
λ2 (Wm-1K-1) U (V) R (Ω) S (m2) λ1 (Wm-1K-1) 
37 24.2 20.8 26 10.2 0.04 9.9 40 0.0105 0.344 
35 23.3 19.8 26 10.2 0.04 9.5 40 0.0105 0.345 
36.4 23.8 20.2 26 10.2 0.04 9.9 40 0.0105 0.350 
 
The average value of the thermal conductivity is λm = 0,346Wm-1K-1. The error on the estimated value of 
λm caused by experience uncertainties is defined from the differences |λ1-λm|/λm which gives quite 
satisfactory results (maximum error of about 1%). The steady state model can be considered as a precise 
one and the estimation of the thermal conductivity λm is better. 
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4.3. The characterization of the thermal effusivity 
The authors conduct the asymmetrical hot plate transient method four times on the same sample. The 
parameter sensitivity analysis to determine relative importance of factors influencing the sample thermal 
characterization properties, is conducted. For that reason, the Levenberg-Marquard algorithm [14] is used 
to identify the parameters (E, ρc, RC, Ch) for obtained thermogram at each experiment. This method 
allows us the minimization of the sum of the quadratic error between the experimental and the theoretical 
curves. 
Figure 6 shows the time-evolution of the experimental and theoretical thermograms with their residues 
defined as the difference between the experimental and simulated curves. Figure 7 illustrates the reduced 
sensitivity curves ),,,(
h
h C
TC
Rc
TRc
c
T
c
E
TE
∂
∂
∂
∂
∂
∂
∂
∂
ρ
ρ related to the identification parameters. 
As expected, at the beginning of the experiment, the theoretical model is very close to the thermogram 
given by the experiment, except for time larger than 1000s. This deviation is due to the lateral heat losses 
that can affect the temperature measurement in the vicinity of thermocouple located at the center of the 
sample (3D effect). The time step was then varied to ensure that thermal effusivity was accurately 
predicted, especially at the beginning of the experiment. 
 
 
   
Fig.6. Time-evolution of the experimental and 
the simulated hot plate temperature curves 
 Fig.7. Time-evolution of the reduced sensitivity curves of 
fitting parameters for sample 
 
Table 6. Thermal effusivity values with their corresponding measurement errors 
Experiment number E (Wm-2K-1s1/2) Measurement 
error (%) 
1 704 0.90 
2 690 1.15 
3 720 3.15 
4 707 1.80 
Average value 705 
 
It is worth mentioning that the sensivity of the ρc parameter is varying with time and is too small for 
times lower than tmax = 1000s,  thus only the parameter E can be identified as shown in Figure 7. 
It can be readily shown in Figure 7 that the thermal contact resistance RC and the heat capacity of the 
heating element Ch have no influence on the thermogram because these parameters are insensitive to the 
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variation of the temperature during experiment time. Table 6 shows the thermal effusivity identification 
results of four trials. The percentage deviation of each trial is compared with the mean value, leading to at 
most 3% gap.  
5. Conclusion 
It is clear that the use of construction materials with more favorable thermal properties greatly reduces the 
heat gain. For that, a great knowledge of the characteristic of the construction materials can be used and 
introduced by designers in the estimation of the thermal resistance of the walls construction. For this 
purpose, the application of the centered hot plate method in steady state and transient regimes is 
performed to the clay sample used to manufacture the bricks, in order to characterize its thermal conductivity 
and its thermal effusivity. The measurement essentially determines the temperature at the center of the 
sample when it is heated with a known uniform flux. Therefore, special care was being paid when 
verifying the validity of the hypothesis enabling the use of 1D model that we have developed. The 
comparison showed fair accuracy. These results have to be clear for engineers involved in the thermal 
properties of construction materials. 
Other methods are in progress (Flash method) to characterize the rest of the properties (e.g. diffusivity, 
specific heat capacity, etc.) of the clay sample because combining data across experiment studies using 
various methods is the proper way to compare and to improve the reliability of the results. 
Acknowledgments 
Special thanks are sent to LEME (Laboratoire d’Energétique, Matériaux et Environnement) personnel of 
Mr.Mohamed Kassou Director of Slaoui’s factory for his collaboration. Their support brought a real 
added value to the realization of this work. The authors wish to thank Mrs. Alice Bartoletti and Mr. 
Ahmed Melhaoui for their helpful comments and feedback on the draft manuscript. 
 
References 
 
[1] Toppi T, Mazzarella L, Gypsum based composite materials with micro-encapsulated PCM: Experimental correlations for 
thermal properties estimation on the basis of the composition. Energy and Buildings, February 2013, 57, pp. 227-236. 
[2]  Khabbazi A,  Garoum M, Terahmina O, Experimental study of thermal and mechanical properties of new insulating material 
based on cork and cement mortar. AMSE Journal Advanced of Modelling and Simulation, 2005, 74 (7), p. 73. 
[3] Jannot Y, Felix V, Degiovanni A, A centered hot plate method for measurement of thermal properties of thin  Insulating 
materials.  Measurement Science And Technology,  2010, 21(3), pp. 1-8. 
[4] Bal H, Jannot Y, Quenette N, Chenu A, Gaye S. Water content dependence of the porosity, density and  thermal capacity of 
laterite based bricks with millet waste additive. Construction and Building Materials, 2012, 31, pp. 144–150. 
[5] André S, Rémy B, Pereira F, Cella N, Hot wire method for the thermal characterization of materials: inverse problem 
application. Engenharia Térmica, 2003, 4, pp. 55-64. 
[6] Coquard R, Baillis D, Quenard D, Experimental and theoretical study of the hot-ring method applied to low-density thermal 
insulators. International Journal of Thermal Sciences, 2008, 47(3), pp. 324-338. 
[7] Jannot Y., Remy B., Degiovanni A., Measurement of thermal conductivity and thermal resistance with a tiny hot plate. High 
Temperatures-High Pressures,2009, 39, pp. 11–31. 
[8] Michot A., Smith D. S.,  Degot S.,  Gault C.,  Thermal conductivity and specific heat of kaolinite: Evolution with thermal 
treatment. Journal of the European Ceramic Society, 2008, 28, pp. 2639–2644. 
[9] Rapport d’essai N°0125PM/12, Briqueterie SLAOUI,  Centre des Techniques & Matériaux de Construction, CETEMCO, 
Casablanca, 04 Mai 2012. 
[10]  Maillet D,  André S,  Batsale J.C, Degiovanni A, Moyne C, Thermal quadrupoles : solving the heat equation through integral 
transforms. Chichester, PA, John Wiley & Sons Ltd, 2000, 
[11] De Hoog F., An improved method for numerical inversion of Laplace transforms. Soc Ind Appl Math,  1982, 3(3), pp. 357–366. 
[12]  Entreprise de Briqueterie Slaoui (Rabat-salé-zemmour-zaër, Salé), Ancienne route de Méknès, 11000 Salé, Maroc. 
[13] Ansys Fluent 14 Users Guide (n.d), www.fluentusers.com. 
[14] Marquardt D., An Algorithm for Least-Squares Estimation of  Nonlinear Parameters, Journal on Applied Mathematics, 1963, 
11 (2), pp. 431–441. 
